A previous study demonstrated that cytokeratin 19 (CK19) expression in hepatocellular carcinoma (HCC) is an indicator of HCC invasiveness, including lymph node metastasis (LNM), tumor infiltration/non-encapsulation and poor prognosis. The exact mechanism by which CK19 expression results in poor prognosis remains unclear. Through the use of an Affymetrix U133A oligonucleotide microarray [20 patients with hepatitis B virus (HBV)-HCC], it was demonstrated that cadherin 17 (CDH17) significantly correlated with CK19 expression (R 2 , 0.867; P<0.001) in HBV-HCC. Immunohistochemical analysis (114 patients with HBV-HCC) also demonstrated a significant correlation between CK19 and CDH17 expressions in primary tumor tissue (R 2 , 0.414; P<0.001). In addition, CK19 and CDH17 expressions levels revealed a significant association with LNM (P<0.001). Cox regression multivariate analysis demonstrated that indocyanine green retention at 15 min >10% and CDH17 expression were independent prognostic factors for disease free survival (P=0.010 and 0.002, respectively). In vitro studies showed that epidermal growth factor can induce the expression of both CK19 and CDH17, and CDH17 in turn can enhance the expression of CK19 in HCC. In summary, this study demonstrated that the early recurrence and poor prognosis of CK19(+) HCC may be due to the expression of CDH17, a gene known to be associated with vascular invasion, tumor metastasis, and advanced tumor stage of HCC. Thus, novel therapeutics by targeting CDH17 may be beneficial for CK19(+) HCC.
Introduction
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver with an estimated annual death incidence of approximately 700,000 worldwide (1, 2) . In Taiwan, it is the second most common cause of cancer death and causes more than 7,500 deaths each year (3) . Surgical resection remains the most effective therapy in selected patients, but approximately 75% of patients with HCC have advanced unresectable diseases upon presentation. In order to improve long-term outcome of patients with HCC, numerous efforts were made to unravel the risk factors for and pathogenesis of poor prognosis for HCC.
Cytokeratin 19 (CK19) is a biliary epithelial cell marker and is generally expressed in intrahepatic cholangiocarcinoma (ICC) cells (4, 5) . Studies have shown that the expression of CK19 in primary HCC is associated with poorer outcome (6) . There have also been studies demonstrating that CK19 expression in primary HCC is a significant risk factor for developing lymph node metastasis (LNM) (4, 7, 8) . Compared with other malignancies such as lung cancer, esophageal cancer, renal cancer, gastric cancer, and intra-hepatic cholangiocarcinoma, the incidence of LNM in primary HCC is low, and the prognosis is poor when LNM occurs (9) (10) (11) . HCC with CK19 expression, subsequently, may be a special subtype of HCC with distinct clinical behavior from HCC without CK19 expression (8) . Due to its worse prognosis, it is therefore of clinical significance to elucidate the pathogenesis of CK19-positive [CK19(+)] HCC. In the meanwhile, cadherin-17 (CDH17) was shown to be associated with vascular invasion and tumor metastasis in HCC (12) . Similar to α-fetoprotein (AFP), CDH17 is present only in fetal liver and gastrointestinal tract during embryogenesis, and the
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CHAO-WEI LEE [1] [2] [3] , SEY-EN LIN 4 , HSIN-I TSAI 2,3,5 , PO-JUNG SU 2, 6, 7 , CHIA-HSUN HSIEH 2, 6 , YUNG-CHIA KUO 2, 3, 6 , CHANG-MU SUNG 2, 3, 8 , CHENG-YU LIN 8 , CHI-NEU TSAI 3 and MING-CHIN YU gene becomes silenced in healthy adult liver and stomach tissues. It functions as a peptide transporter and a cell adhesion molecule to maintain tissue integrity in epithelia (13) . To date, there is little report to dissect the mechanistic relationship between CK19 and CDH17 in CK19(+) HCC. As a result, the purpose of this study was to investigate whether CDH17 is responsible for the invasiveness and poor prognosis of CK19(+) HCC.
Materials and methods
Patients. For the years from 2007 to 2012, records of patients with histological proven primary HCC from the Cancer Registry of the Cancer Center, Chang Gung Memorial Hospital (Taoyuan, Taiwan), were retrospectively reviewed. Since hepatitis B virus (HBV) infection remains the most common etiology of HCC in Taiwan (11), we recruited HBV-related HCC (HBV-HCC) first for the current study. The inclusion criteria of current study was defined as resectable lesions without distant metastasis by image study, including sonography, computed tomography (CT), and angiography. Only patients who received curative hepatectomy as initial primary treatment for HCC were included. Patients who had unresectable disease, synchronous cancers, recurrent cancers, distant metastasis or previous history of other malignancy preoperatively were excluded from the study. Their clinico-pathological data were retrieved from the prospectively collected database.
The following variables were included in the analyses: Age, sex, cigarette smoking, alcohol consumption, HBV infection, anti-hepatitis C virus antibody (anti-HCV) level, alkaline phosphotase level, bilirubin level, preoperative AFP and carcinoembryonic antigen (CEA) level, Child-Pugh classification, tumor size, tumor-LNM status, tumor encapsulation, histological grade, vascular invasion, tumor rupture, daughter nodules, resection margin, and long-term survival. The study endpoint was 30 June 2015, and tumor staging was based on the 7th edition of American Joint Committee on Cancer (AJCC) TNM staging system for HCC (14) . This study was approved by the Institutional Review Boards (IRB 103-2225C) of Chang Gung Memorial Hospital.
Immunohistochemistr y (IHC).
Formalin-fixed and paraffin-embedded resection specimens were sectioned to 4 µm in thickness and deparaffininzed, rehydrated, and processed for antigen retrieval. The slides were further incubated with appropriate dilutions of the following antibodies (Ab) at room temperature for 1 h (CK19 Ab; Abcam, San Francisco, CA, USA; and CDH17 Ab; LifeSpan Biosciences, Seattle, WA, USA). After incubation, the slides were washed 3 times in phosphate-buffered saline (PBS), incubated with a horse reddish peroxidase conjugated antibody polymer (Zymed; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at room temperature for 10 min, and then developed by treatment with 3,3'-diaminobenzidine (Roche Diagnostics, Basel, Switzerland) at room temperature for 10 min. An independent experienced pathologist without knowledge of patient characteristics and outcome was asked to determine the results of immunohistochemical staining under microscopy. A positive result was defined as ≥10% of tumor cells stained positive for CK19 or CDH17. Overall survival (OS) was defined by the time elapsing from the date of diagnosis to either the date of death or the date of the last contact. Disease-free survival (DFS) was calculated from the date of surgery to the date of the first documented clinical disease recurrence. Cases with surgical mortality, defined as death within one month of surgery, were excluded from the survival analyses. Kaplan-Meier analysis was used to determine the OS and DFS. The log-rank test and Cox regression multivariate analysis were applied to determine prognostic significance of clinicopathological variables. Statistical significance was defined as P<0.05.
Results

Patient demographics.
A total of 114 HBV-HCC patients who underwent liver resection were recruited for the current study. The median follow-up time was 49.02 months (mean, 52.4 months). The mean age of diagnosis was 55.7 year-old and about 80% patients were male. As for preoperative liver function, 108 patients (97.3%) were Child-Pugh A, while only 3 patients (2.7%) were Child-Pugh B. The indocyanine green retention at 15 min (ICG-15) ≤10% were found in 75 patients (66.4%; mean ICG-15, 9.62%). The mean preoperative AFP and CEA levels were 10,581.94 and 3.14 ng/ml, respectively. As for pathological variables, the mean tumor size was 4.18 cm and 93 tumors (81.6%) were encapsulated. About one-fourth of tumors had either micro-or macro-vascular invasion and 22 tumors (19.3%) had daughter nodules. Tumor rupture was found in only 6 cases (5.3%). R0 resection was achieved in the majority of patients (99.1%). About half of the patients had histology-proven liver cirrhosis and most patients (69.5%) had T1 disease. The clinico-pathological data were summarized in Table I .
Microarray data mining and immunohistochemical study.
In our earlier study, we have established a dataset for early stage HBV-HCC (<5 cm) patients (n=20) by using Affymetrix U133A oligonucleotide microarray (15) . We then took the advantage of this dataset and tried to search for potential genes that might be correlated with CK19 expression. After correlation analysis, we found at least one important molecule, CDH17, that was significantly correlated with CK19 expression in HBV-HCC (R 2 : 0.867, P<0.001; Fig. 1 ). To further examine the correlation between CK19 and CDH17 expression, immunohistochemical (IHC) study was performed and the results were interpreted by experienced pathologists. CK19 expression was found in nine tumors (7.9%), and five tumors (4.4%) showed immunopositivity for CDH17. Three patients showed immuno-positivity for both CK19 and CDH17. While almost none of the CK19(-) HCC showed CDH17 expression (2 out of 104 patients, 1.9%), one-third of CK19(+) HCC had simultaneous CDH17 expression. The Spearman's correlation coefficient was 0.414 and P-value was <0.001. As demonstrated in Fig. 2 , the vast majority of the CK19(+) tumor cells in CK19(+) HCC also had strong CDH17 expression. The expression of CK19 seemed to coincide with that of CDH17 in these CK19(+) HCC. Table II, CK19 expression was significantly associated with LNM and CDH17 expression (P<0.001, respectively). In addition, CK19(+) HCC was more likely to have elevated preoperative AFP >200 ng/ml. In the meanwhile, CDH17 expression was also significantly associated with LNM and CK19 expression (P<0.001, respectively). Moreover, CDH17(+) HCC was more likely to be poorly-differentiated tumors and have vascular invasion (Table III) .
Clinicopathological features and survival analysis of CK19(+) or CDH17(+) HCC. As shown in
As for survival analysis, CK19(+) HCC had a mean DFS of only 27.3±10.33 months, while CK19(-) HCC could remain disease free for a mean of 54.7±3.75 months (P=0.037). CDH17 expression was also a significantly poor prognostic factor for DFS in HCC, with CDH17(+) HCC having a mean DFS of only 8.8±4.86 months (vs. 54.4±3.70 months for CDH17(-) HCC, P<0.001). In CK19(+) HCC, CDH17 expression seemed to further promote tumor recurrence that DFS was only 3.6±1.06 months (vs. 54.4±3.68 months for dual negative or single positive HCC, P<0.001). Moreover, the early recurrence rate was extremely high if HCC expressed both CK19 and CDH17. The three dual-immunopositive HCC patients all had tumor relapse within 2 years after the operation, compared to only 36% (40 out of 111 patients) in dual negative or single positive patients (P=0.024). CK19 expression was also a poor prognostic factor for OS, with CK19(+) HCC having a mean OS of 52.6±10.83 months (vs. 81.5±2.62 months for CK19(-) HCC, P=0.017). CDH17 expression, on the other hand, was not significantly related to a worse OS (53.4±15.32 vs. 80.7±2.65 months for CDH17(+) and CDH17(-) HCC, respectively, P=0.097). Fig. 3 demonstrated the DFS and OS of respective type of HCC. After Cox regression multivariate analysis, we further demonstrated that CDH17 expression and ICG-15 >10% were the most significant independent poor prognostic factors for DFS (P=0.010 and 0.002, respectively) (Table IV) . Male sex and CK19 expression, on the other hand, were independent poor prognostic factors for OS (P=0.030 and 0.041, respectively) (Table V) .
Causal relationship between CK19 and CDH17 in HCC.
To further explore the causal relationship between CK19 and CDH17 expressions in HCC, various HCC cell lines were 
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Hazard ratio (95% CI) P-value employed to conduct in vitro studies. The expression profiles of CK19 and CDH17 in HCC cell lines including Huh7, Hep3B, HepG2, and PLC5 were determined by Western blot analysis. As shown in Fig. 4A , Hep3B, Huh7, and PLC5 were strongly positive for CK19 expression, while HepG2 was essentially a CK19(-) HCC cell line. On the other hand, Hep3B and Huh7 had strong CDH17 expression, while HepG2 and PLC5 only had faint CDH17 expression. To induce CK19 expression in CK19(-) HCC cell line, epidermal growth factor (EGF) was treated to HepG2 cell line and real-time qPCR as well as western blot analysis were performed (7). As shown in Fig. 4B and C, the expression of CK19 was enhanced significantly after EGF treatment, and that of CDH17 was also increased dramatically under EGF treatment (P<0.001, respectively). To further dissect the relationship between these two molecules, CK19 or CDH17 was overexpressed in HepG2 and the result was demonstrated in Fig. 5 . The transfection of FLAG ® -CDH17 into HepG2 resulted in enhanced expression of both CDH17 and CK19. The mRNA transcripts of CDH17 and CK19 increased by 598,918 folds and 2.32 folds, respectively, after transfection (P=0.03 and <0.001, respectively) ( Fig. 5A and B) . On the other hand, while both CK19 mRNA and protein levels were enhanced significantly after FLAG ® -CK19 transfection in HepG2 (P<0.001), the level of CDH17 remained unchanged after the transfection (Fig. 5C and D) . The result indicated that CDH17 was not downstream to CK19. In contrast, it was upstream to CK19 and, like CK19, was regulated by a common signal such as EGF. Primary antibodies were that of CK19 and CDH17 and a dilution of 1:100,000 and 1:2,000, respectively, were adopted. GAPDH was used as internal control. Hep3B, Huh7, and PLC5 were CK19(+) HCC cell lines, while HepG2 was CK19(-) HCC cell line. On the other hand, Hep3B and Huh7 were CDH17(+) HCC cell lines, while HepG2 and PLC5 were CDH17(-) HCC cell lines. (B and C) The study of EGF-treated HepG2 cells (EGF, 30 ng/ml for 5 days). Western blot analysis confirmed that CK19 can be induced by EGF treatment. In the meanwhile, the expression of CDH17 was also enhanced after EGF treatment (B). Real-time qPCR analysis of EGF-treated HepG2 cells demonstrated that both CK19 and CDH17 transcripts were significantly elevated (P<0.001 and <0.001, respectively) (C). In the other words, EGF can induce both CK19 and CDH17 expressions. HCC, hepatocellular carcinoma; CK19, cytokeratin 19; CDH17, cadherin 17; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; EGF, epidermal growth factor. . Western blot analysis showed that the expression of CK19 increased significantly after transfecting with FLAG ® -CK19. However, the expression of CDH17 remained unchanged after CK19 over-expression (C). Real-time qPCR revealed that the transcripts of CK19 were significantly increased in HepG2 FLAG ® -CK19 cells (P<0.001). However, the transcripts of CDH17 were not altered by CK19 over-expression (P=0.1217) (D). In other words, CDH17 was not downstream to CK19. It was upstream to CK19 and, like CK19, was regulated by EGF. The experiment of real-time qPCR was conducted in triplicates. CDH17, cadherin 17; CK19, cytokeratin 19; EGF, epidermal growth factor.
Discussion
CK19 is generally believed to be a marker for biliary epithelial cells. Tumor cells from HCC, as a result, should not express CK19 since they are supposed to originate from hepatocytes (16) . However, previous studies also showed that about 10% of HCC with typical microscopic histologic features expressed CK19 (4, 6) . These CK19(+) HCC was found to behave more aggressively and had a worse outcome (4, (6) (7) (8) 17) . For example, Takano et al demonstrated that CK19(+) HCC exhibited higher invasiveness, metastatic potential, and poorer prognosis (17) . Our previous study also illustrated that CK19 expression in primary liver tumor was associated with LNM, tumor non-encapsulation, and worse OS (4). The current study verified that CK19 expression in HCC was associated with LNM, poorer DFS, and worse OS. Due to distinct clinical behavior and poor outcome, CK19(+) HCC may be a special subtype of HCC that deserves further investigation. Unfortunately, few studies to date had tried to dissect the possible mechanism responsible for poor prognosis in CK19(+) HCC. A previous research indicated that the activation of the EGF-epidermal growth factor receptor (EGFR) signaling pathway was associated with the development of CK19-positive HCC, and the EGF-induced increase in growth abilities of HCC might account for the poor prognosis of the patients (7) . A recent study identified that the poor clinical outcome of CK19(+) HCC may be attributed to the effect of CK19 on angiogenesis-related molecules such as vasohibin-1 (VASH1) and fibroblast growth factor 1 (FGFR1) (17) . All of these studies attempt to unravel the molecular mechanism underlying CK19(+) HCC, and once the mechanism is identified and explored, a targeted therapy can be developed to deal with this subset of HCC.
In the current study, we identified that the expression of CDH17 was significantly associated with that of CK19 at both transcription and translation levels in HBV-HCC. Previous study has shown that CDH17 could be a biomarker for gastric carcinoma and attractive therapeutic target for this aggressive malignancy (18) . Recent reports also demonstrated that the expression of CDH17 in HCC was associated with vascular invasion, tumor metastasis, advanced tumor stage, and poor prognosis (12, 13, 19, 20) . The therapeutic significance was determined as well that, by targeting CDH17, we can inhibit tumor growth in HCC (13, 19) . Despite numerous works and reports, however, no study to date has dealt with the involvement of CDH17 in CK19(+) HCC. Our study is by far the first one to explore the relationship between CK19 and CDH17 in HBV-HCC.
The present study demonstrated that CDH17 expression was one of the most significant poor prognostic factors for DFS in HBV-HCC. The CDH17(+) HCC patients is expected to have tumor relapse within 9 months after the operation. For patients who were treated with curative hepatectomy, early recurrence was proved to be a poor prognostic factor for OS (21) . In addition, CDH17 expression was associated with LNM and a likelihood of vascular invasion in HCC. Both LNM and vascular invasion were well known poor prognostic factors for DFS and OS after hepatectomy (11) . Our study, as a result, agreed with previous reports that CDH17 expression was a poor prognostic factor for HCC after hepatectomy. Given substantial correlation between CK19 and CDH17 expressions, we believe that the high recurrence rate and poor prognosis of CK19(+) HCC may be attributed to CDH17 expression. Since CDH17 has been reported to influence HCC outcome by targeting Wnt/β-catenin pathway, anti-CDH17 Ab or inhibitors of Wnt/β-catenin pathway may have promising effects for CK19(+) HCC (18) (19) (20) .
In an attempt to dissect the causal relationship between CK19 and CDH17, we conducted in vitro studies and confirmed that CK19 can be induced by EGF treatment. In addition to CK19, CDH17 was also induced upon EGF stimulation. Therefore, we believe that in CK19(+) HCC, EGF/EGFR may act as an initiator that induce the expression of both CK19 and CDH17, resulting in worst prognosis. EGF/EGFR is responsible for a variety of cellular functions and pathologic processes including cell cycle progression, gene transcription, cell proliferation, migration, and adhesion (22, 23) . The exact mechanism by which EGF/EGFR influences CK19 and CDH17 expressions mandates further investigations. Last but not the least, by establishing a stable CDH17 transfectant in HepG2, we found in the current study that the expression of CK19 was enhanced by CDH17 over-expression. CK19, as a result, was regulated by CDH17 in HCC. Our novel findings explains the significant association between CDH17 and CK19 in HBV-HCC, and we believe that the poor prognosis of CK19(+) HCC is partly attributed to this causal relationship. The current study, subsequently, should be the first one in the English literature to identify this EGF/EGFR-CDH17-CK19 pathway in HCC. Treatment targeted against EGF/EGFR or CDH17 may thus be beneficial for CK19(+) HCC. Further studies are still warranted to validate our findings and to explore the detailed mechanistic relationships between these molecules.
In conclusion, our study demonstrated that CK19(+) HCC was significantly associated with LNM and a worse survival. The expression of CDH17 was significantly associated with that of CK19 in HBV-HCC. CDH17, a gene known to be associated with vascular invasion, tumor metastasis, and advanced tumor stage, was found to have an extremely poor DFS in the current study. As a result, we believe that in CK19(+) HCC, CDH17 plays an important role in promoting tumor recurrence and leading to poor prognosis. Lastly, we found that EGF can induce the expressions of both CK19 and CDH17, and CDH17 in turn can enhance the expression of CK19 in HCC. Novel therapeutics by targeting EGF/EGFR or CDH17 may thus be beneficial for CK19(+) HCC. Further study is warranted to determine the detailed mechanistic relationships between these molecules.
